The objective of the study was to describe treatment patterns in patients newly diagnosed with Parkinson's disease (PD) in the United States (US) and the United Kingdom (UK).
Introduction
Parkinson's disease (PD) is a progressive neurological disorder caused by the degeneration of dopaminergic neurons in the substantia nigra, an area of the midbrain that plays a crucial role in voluntary motor control. The incidence rate of PD ranges between 1.5 and 22 per 100,000 person-years [1] . The rate of symptom progression in PD patients is heterogeneous across patients, and throughout the course of disease within the same patient [2] . Approximately 40% to 75% of the patients with PD die after 10 to 20 years of disease history, and 50% of the patients who survive require nursing-home care [3] .
Treatment for PD is mainly focused on correcting the dopaminergic deficit by either stimulating dopaminergic receptors to increase the levels of dopamine or by using dopamine agonists, thereby alleviating the cardinal motor symptoms of the disease. Management also includes the treatment of non-motor symptoms, which are common and affect the quality of life of patients with PD [4] . Treatment of PD is individualized with the goal of managing the most severe symptoms with the least amount of medication while promoting functional independence and minimizing short-and long-term adverse effects.
There are numerous treatment options because many PD medications exist currently on the market, and this may complicate treatment decisions. Owing to variability in treatment guidelines and reimbursement policies, comparison of treatment patterns across regions is challenging. Limited data are available from clinical practice that describe the treatment pathways of patients with PD in the United States (US) and United Kingdom (UK) [5, 6] . Drug utilization studies provide information on the current treatment trends, and an opportunity to assess whether patients are treated according to recommended treatment guidelines. The objective of this study was to describe the characteristics and treatment patterns of patients with PD in the US and UK.
Study methods

Data sources
This retrospective cohort study was conducted using two databases: the US IBM MarketScan database and the UK Clinical Practice Research Database (CPRD) database. The most current data available at time of the study were used. IBM MarketScan claims database covered the period from January 1, 2012 to September 30, 2017. The database includes over 100 million lives of commercially insured individuals (i.e., working age adults and their dependents), individuals with supplemental Medicare coverage plus employer-paid commercial plans, and data from individuals with limited incomes whose insurance is paid by the state. This database contains administrative claims information on medical treatment (inpatient, outpatient, and emergency care), outpatient pharmacy prescriptions, and enrollment history.
The CPRD was linked to the Hospital Episode Statistics (HES) database, and covered the period from January 2004 to September 2015. The CPRD consists of routinely collected anonymized longitudinal electronic health record data from approximately 690 primary care practices in the UK. The CPRD database contains information on patient demographics, symptoms, clinical diagnoses, laboratory test results, prescriptions of medicine, health-related behaviors, and referrals to secondary care (hospitals or specialists). The HES inpatient database provides information on inpatient care (including patients admitted through the accident and emergency department) delivered by NHS hospitals in England. Data including basic demographics, clinical diagnoses, procedures, and administrative information are captured in HES. 
Study design
Incident PD cases were identified in the IBM MarketScan database between January 1, 2014 and June 30, 2017. Patients were defined as having a PD diagnosis if they fulfilled at least one of the following criteria:
• The presence of at least one inpatient claim with the ICD-9-CM code 332.0, in any field of diagnosis
• At least two outpatients claim with the ICD-9-CM code 332.0 (occurring at least 30 days apart and within 365 days) in any field of diagnosis
• At least one outpatient claim with the ICD-9-CM code 332.0 in any field of diagnosis plus at least two prescription claims for PD-related medication (levodopa-carbidopa, anticholinergics, dopamine agonist, MAO-B inhibitors, or COMT inhibitors) within 6 months following the diagnostic code for PD.
In the CPRD, incident PD cases were identified between 2006 and 2015. Patients were defined as having a PD diagnosis if they fulfilled at least one of the following criteria:
• An HES-recorded inpatient visit with an ICD-10 code indicating a diagnosis of PD (G20.xx)
• A primary care read code indicating a diagnosis of PD, where the diagnosis date was the primary care consultation date at which the read code was recorded • A primary care read code indicating primary care-recorded evidence of a neurologist consultation with a diagnosis of PD, where the diagnosis date was the consultation date at which the read code is recorded.
Additionally, all study participants were required to be aged at least 30 years, and have a 2-year baseline period with continuous medical enrollment with medical and insurance coverage in the IBM MarketScan database, or to be continuously registered at a practice for at least 2 years prior to the PD diagnosis in the CPRD database. Patients were excluded if they had a diagnosis of PD, secondary PD or parkinsonism (including drug-induced PD, vascular PD, essential tremor, malignant neuroleptic syndrome, postencephalytic parkinsonism, syphilitic parkinsonism), and dementia; any prescription claims for PD-related medication (levodopacarbidopa, anticholinergics, dopamine agonists, MAO-B inhibitors, or COMT inhibitors) during the baseline period; and any of the following prescriptions: phenothiazines, butyrophenones, flupentixol, metoclopramide, reserpine, amiadarone and cinnarizine within 180 days before the index date, and a follow-up period of less than 90 days.
Patients in the IBM MarketScan database were followed from the index date until the first occurrence of any of the following: date of last enrollment after the index date for participants who were not continuously enrolled through the end of the study period, or end date of the study period for participants continuously enrolled through the end of the entire observation period. For the CPRD database, patients were followed to the first occurrence of any of the following: the end of patient registration including transfer out of the patient from the practice and death, the last data collection from the practice (i.e. end of data coverage), or the end of the study period (CPRD data availability based on the latest update).
With the IBM MarketScan database, the data were previously collected and statistically deidentified and are compliant with the conditions set forth in Sections 164.514(a)-(b)(1)ii of the Health Insurance Portability and Accountability Act of 1996 Privacy Rule; therefore, approval from an institutional review board was not sought.
With the CPRD database, the data were previously collected and statistically de-identified and are compliant with the conditions set forth in Sections 164.514(a)-(b) (1) ii of the Health Insurance Portability and Accountability Act of 1996 Privacy Rule; therefore, approval from an institutional review board was not sought. The protocol was reviewed and approved by an Independent Scientific Advisory Committee, a non-statutory expert advisory body established in 2006 by the Secretary of State for Health to provide scientific advice on research requests to access data provided by CPRD.
Study outcomes. The treatment patterns evaluated included duration of treatment, type of prescription (monotherapy or polytherapy), outcome of the treatment (discontinued, switched, augmentation, or continued on treatment). Patients were defined as having received PD treatment if they had prescriptions with at least 30 days of supply during follow-up. Patients were classified as untreated if they had no prescription record of a PD medication any time after the index date.
Treatment was classified as monotherapy (prescription claims for one PD medication for �60 days), polytherapy (simultaneous prescription claims for at least two PD medications for �60 continuous days or formulations with more than one PD medication with different mechanisms of action), or undetermined (either PD medication claims for <60 days or claims started within 60 days in the UK and 90 days in the US of the end of the follow-up period). The duration of a PD treatment was defined as the number of days from the first to last PD dispensing record plus the number of days of supply following the date of the last dispensing record, including gaps in treatment less than 60 days in the UK and 90 days in the US. A treatment line was defined as a period during which the patient was treated with a constant PD medication regimen. The first-line treatment commenced upon prescription of the first PD medication on or after the index date. PD treatment regimen outcomes were defined as continued (no treatment change until end of follow-up period); augmented (addition of at least one PD medication to an existing PD treatment regimen); switched (current treatment line contained PD medication not in the next line and next line contained PD medication not present in the current line); or discontinued (no prescription for the PD medication after the last prescription of >60 days). The patient characteristics evaluated included age and gender defined at index date, and comorbidities evaluated in the 1-year period before the index date.
Statistical analysis. Descriptive statistics were used to summarize the characteristics of the study subjects and the treatment patterns. Continuous variables were presented as means and standard deviation (SD) if normally distributed, or median, interquartile range (IQR), and range if not normally distributed. Categorical variables were presented as frequencies and percentages. The analysis was conducted using SAS version 9.4 software (SAS Institute, Inc, Cary, North Carolina).
Results
Study participants
Of the 113,647 patients who had at least one diagnosis code for PD in the IBM MarketScan database, 11,280 fulfilled the study criteria and were included in the US study. The mean (standard deviation [SD]) age of the patients was 73.0 (12.0) years, and 59.6% were male. The median (range) duration of follow-up was 465.0 (90-1369) days.
Of the 37,965 patients who had at least one diagnosis code for PD in the CPRD database, 7775 fulfilled the study criteria and were included in the UK study. The mean (SD) age was 73.8 (10.3) years and 62.6% were male. The median (range) duration of follow-up was 1006 (90-3797) days. Table 1 provides details of characteristics of the patients including the most prevalent comorbidities and frequently prescribed medications in the year prior to the diagnosis of PD.
First-line treatment
In the US, 4241 (37.6%) of the patients with PD did not have documented PD medication prescriptions filled during the study period, whilst 7039 (62.4%) patients received PD treatment during the follow-up period. Of the treated patients, 85.2% and 1.3% were prescribed monotherapy and polytherapy, respectively, for �60 days as first-line treatment. The remaining 13.4% of treated patients comprised those receiving treatment for <60 days or having started treatment within 60 days of the end of follow-up and therefore were classified as undefined or indeterminate.
In the UK, 1658 (21.4%) patients with PD did not have documented PD medication prescriptions during the study period, whilst 6097 (78.6%) patients received PD treatment prescriptions during the follow-up period. Of the treated patients, 68.5% and 16.2% were prescribed monotherapy and polytherapy, respectively, for �60 days as first-line treatment. The remaining 15.3% of treated patients comprised those receiving treatment for <60 days (undetermined). 
Most common PD medications used for first-line treatment
The most commonly prescribed PD medications and progression to second-line treatments for US patients are listed in Table 2 . Levodopa was the most common first-line PD treatment, prescribed to 70.1% of treated patients. Other commonly prescribed PD medications were rasagiline, ropinirole, pramipexole, and amantadine. More than half of patients were prescribed levodopa, and just over a third of patients who were prescribed rasagiline, ropinirole, pramipexole and amantadine as initial treatment remained on this first-line monotherapy during the study. The median time to second-line treatment for these commonly prescribed PD medications ranged from 120 to 250 days. The most commonly prescribed PD medications and progression to second-line treatments in the UK are listed in Table 3 . Levodopa was also the most common first-line PD treatment in the UK, prescribed to 29.0% of treated patients. Other commonly prescribed PD medications were pramipexole, entacapone combined with levodopa, ropinirole, and pergolide. Almost a quarter of the patients prescribed levodopa as initial treatment remained on this first-line monotherapy during the study. The median time to second-line treatment for the most commonly prescribed first-line PD medications ranged from 60 to 329 days.
Progression from first-line to next-line treatment (treatment additions or switches)
For the US study population (N = 11,280), 37.6%, 34.0%, 16.4%, 6.6%, 2.7%, and 2.7% of patients received none, one, two, three, four, and at least five treatment lines, respectively, over a median follow-up of 465.0 (range 90-1369) days. Of the 5998 patients receiving first-line monotherapy, 3474 (57.9%) remained on the same treatment to the end of follow-up, 734 (12.2%) changed to polytherapy, and 275 (4.6%) switched to another monotherapy. For patients receiving first-line polytherapy (n = 92), 46 (50.0%) remained on the same treatment to the end of follow-up, 21 (22.8%) changed to a different polytherapy regimen, 16 (17.4%) switched to monotherapy, and 8 (8.7%) were undefined because they had treatment for <60 days.
For the UK study population (N = 7755), 21.4%, 15.7%, 19.4%, 11.3%, 9.2% and 23.1% of patients received none, one, two, three, four, and at least five treatment lines, respectively, over a median follow-up of 1006 (90-3797) days. Of the 4176 patients receiving first-line monotherapy, 995 (23.8%) remained on the same treatment to the end of follow-up, 1192 (28.5%) changed to polytherapy, and 717 (17.2%) switched to another monotherapy. For patients receiving first-line polytherapy (n = 990), 193 (19.5%) remained on the same treatment to the end of follow-up, 88 (8.9%) changed to a different polytherapy regimen, and 52 (5.3%) switched to another monotherapy.
For patients who had more than one treatment line, trends were examined across the next three lines of treatment. Results showed that, as with first-line treatment, monotherapy was more common than polytherapy for the second and third treatment lines (Fig 1A and 1B) .
Discussion
This retrospective analysis of data using the IBM MarketScan claims and CPRD databases involving patients with newly diagnosed PD provides insight into characteristics of the patient population and the current state of PD treatment. The study found that even though there was variation in the type of comorbidities identified in the study populations, hypertension, type 2 diabetes mellitus, and ischemic heart disease were among the highly prevalent comorbidities. It is important to note these comorbidities may affect treatment decisions in PD patients owing to the potential for drug-drug interactions.
Our study also found that 37.6% of the patients in the US and 21.4% of the patients in the UK did not receive any prescription of PD medication during follow-up. A previous study conducted in the US that evaluated patients with PD from 2007 to 2010 using the Medicare database found that approximately 18% of the patients did not have PD medication prescriptions, which is lower than what we have found in this study [7] . However, they included incident and prevalent cases of PD patients, and therefore might have a higher proportion of patients with severe disease symptoms requiring treatment. The IBM MarketScan database includes information on filled prescriptions, while in the CPRD database physician prescriptions are reported. This could be why the proportion of untreated patients in higher in the IBM MarketScan database. We were not able to evaluate the reasons for not receiving treatment because this information is not included in the database, but it could be due to several factors. Although we used validated definitions to define PD cases in the IBM MarketScan database, some false positive cases may have been included in our analysis. Because we did not identify any validated algorithms for the CPRD database analysis, we used a stringent case definition for PD to minimize the number of false positive cases. However, we may have also included some false positive cases in the CPRD study population. Additionally, the study population may have included patients with less severe symptoms and therefore treatment was deemed unnecessary, because we included only newly diagnosed patients. On the other hand, these results may also reflect lack of access to care for some patients. Further research is needed to confirm our findings and assess the reason for lack of treatment in these patients.
Initial treatment was most often with monotherapy (85.2% and 68.5% of the US and UK patients, respectively). There are very limited published data available on treatment patterns in incident PD patients. Previous studies that have reported treatment patterns have included incident and prevalent PD cases [6] [7] [8] [9] [10] . Despite this difference, these previous studies also found that the majority of the patients were treated with monotherapy, ranging from 60% to 69.5% [6, 9] . The proportion of patients who received polytherapy increased with subsequent treatment lines, which may indicate progression of disease. In the US, among patients who received a second-line treatment, more patients were prescribed polytherapy than monotherapy. In the UK, however, more patients were prescribed monotherapy as second-line treatment than polytherapy. This may be due to differences in treatment guidelines between the two countries. Levodopa was the most frequently prescribed PD medication in our study. Previous studies have also reported levodopa as the most frequently prescribed PD medication, ranging from 37.4% to 90.0% [6, 7, 9, 10] . It should be noted that the proportion of patients who were treated with levodopa was much higher in the US than in the UK (70.1% and 29.0% respectively). There were differences in the types of PD medications that were prescribed frequently in the US and UK.
There were 57.9% of patients in the US and 23.8% of patients in the UK who remained on first treatment until the end of the study. Changes in initial treatment, particularly addition of another medication, may reflect poor disease control. We found that 16.8% and 40.2% of patients in the US, and 45.7% and 14.0% of the patients in the UK, who were initiated on monotherapy or polytherapy, respectively, underwent treatment switches/additions from first-to second-line therapy. Although we were not able to measure disease progression, it is tempting to speculate that most patients who persisted on initial treatment had successful treatment outcomes.
Among PD medications prescribed to �1% of the US study population, approximately 12.3% to 40.5% of the patients augmented, 2.9% to 20.7% switched their treatment, and 8.8% to 23.5% discontinued treatment. Among PD medications taken by �1% of the UK study population, approximately 4.1% to 45.4% of the patients augmented, 8.7% to 46.3% switched their treatment, and 5.2% to 61.7% discontinued treatment. For each of the medications prescribed to �1% of the PD patients, a higher proportion of patients in the US than in the UK remained on the first-line treatment. The differences in the changes in treatment for the two study populations may be due to the duration of follow-up, which was much longer in the CRPD than in the IBM MarketScan database. Changes in treatment may be due to lack of effectiveness or adverse events, and are impacted by physician practices, cost, and availability of other treatment options. Further studies are needed to evaluate factors that contribute to the differences in prescription patterns across regions.
There were several study limitations. The data are subject to miscoding, errors in reporting, and missing information. Although our study is not entirely representative of all insurance types, it does represent a significant cross-section of insured lives in the US and, to our knowledge, is the first to report prescribing data in incident PD patients. Although the CPRD is a large database with data from primary care practitioners and fairly representative of the UK population, it might still exclude other patient populations in the study. In both databases, there is a possibility of misclassification of the PD status of some of the patients. Secondly, there might be missing information or miscoding of disorders in the databases. Thirdly, the observation period and the duration of follow-up in the two databases were different due to availability of data, which may have contributed to some of the noted differences in the treatment patterns between the two regions, as treatment practices change over time. Lastly, the data on medication are obtained from prescriptions by physicians in the CPRD database, and in the IBM MarketScan database, it is obtained for pharmacy fill records; however, there are no data to confirm that the patient took the medication. Despite these limitations, the large sample size of the databases allowed for evaluation of treatment patterns in a large sample size of patients with PD as compared with other study designs (clinical trials or prospective cohort studies). Additionally, the databases provide an opportunity to assess treatment of patients with PD in clinical practice.
Conclusion
This study provides an important description of current real-world treatment patterns in newly diagnosed patients with PD in the US and the UK. The majority of treated patients were prescribed first-line treatment with monotherapy. As demonstrated in this study, use of large healthcare databases can provide insight on current treatment patterns to inform policy decisions and direct future at improving care for PD patients.
